INTRODUCTION {#S1}
============

African American men and women can expect to live 5 and 3.5 fewer years than white men and women, respectively, under current mortality patterns ([@R1]). African Americans have a higher prevalence of obesity ([@R2]) and obesity-related co-morbidities such as type 2 diabetes ([@R3]); however, it is not clear how much of the racial gap in life expectancy can be explained by differentials in obesity risk and prevalence. The strength of the relationship between BMI and mortality in African Americans is unclear, as some studies have reported a significant association in men ([@R4]-[@R7]) or women ([@R6], [@R8]), and others have reported an absent or reduced association in either men ([@R9]-[@R11]) or women ([@R4], [@R7], [@R9]-[@R13]).

In addition to BMI, waist circumference is another common measure of obesity, as it is highly correlated with total body fat and moderately correlated with visceral adipose tissue ([@R14], [@R15]). Several studies have indicated a significant relationship between waist circumference and mortality in U.S. cohorts ([@R8], [@R10], [@R11], [@R16]-[@R20]); however, the evidence for a potential differential association among white and African Americans is not consistent ([@R5], 10-12, [@R17]). Racial differences in the risk of mortality related to other indices of adiposity and fat distribution such as waist-to-hip circumference ratio (WHR) and waist-to-height ratio (WHtR) have apparently been investigated in only one previous study to our knowledge ([@R10]), and the mortality risk associated with the Body Adiposity Index (BAI)([@R21]) has not yet been studied.

The present study was designed to determine the association of several common anthropometric measures of obesity with all-cause mortality rates in a biracial sample of men and women.

SUBJECTS AND METHODS {#S2}
====================

Sample {#S3}
------

The Pennington Center Longitudinal Study (PCLS) is an on-going investigation of the effects of obesity and lifestyle factors on the development of chronic diseases and premature mortality. The sample is composed of volunteers who have participated in a variety of clinical studies, including diet interventions, weight loss, and other metabolic/physiologic studies conducted at the Pennington Biomedical Research Center (PBRC) in Baton Rouge, Louisiana between 1994 and 2009. All data for this analysis were obtained from baseline screening exams prior to enrolment in a specific study. The current analysis included 14,343 participants (5,506 white women, 3,524 African American women, 4,076 white men and 1,237 African American men) 18 to 89 years of age from 243 different studies. Race was self-identified by the participant. Each participant provided their written informed consent and all PCLS procedures were approved by the PBRC Institutional Review Board.

Baseline Examination {#S4}
--------------------

Height and weight were measured using a wall-mounted stadiometer and a digital scale, respectively, after the volunteer removed outer clothing, heavy pocket items and shoes. Waist circumference was measured at the midpoint between the inferior border of the ribcage and the superior aspect of the iliac crest using an inelastic measuring tape. Hip circumference was measured at the level of the greater trochanters using an inelastic measuring tape. The BMI was calculated as weight in kg / height in m^2^, and the BAI was calculated as (\[hip circumference in centimeters\]/\[height in meters\])^1.5^ -- 18, and the WHtR and WHR were computed from their component variables. The sample was categorized into underweight (BMI \< 18.5 kg/m^2^), normal weight (BMI 18.5 - 24.9 kg/m^2^), overweight (BMI 25 --29.9 kg/m^2^, obese class I (BMI 30 -- 34.9 kg/m^2^) and obese class II (BMI ≥ 35 kg/m^2^) categories as well as low and high waist circumference (\> 88 cm in women and \> 102 cm in men)([@R22]).

Covariates {#S5}
----------

Information on several covariates was collected at baseline for inclusion in the statistical models. Participant age was computed from birth and observation dates, year of examination was included as a covariate to account for potential temporal trends in baseline measurements, and a unique study code identifier was included to account for potential differences in participant characteristics across studies. Smoking status, alcohol consumption, and engagement in leisure-time physical activity were self-reported during the baseline data collection.

Ascertainment of Mortality Status {#S6}
---------------------------------

The vital status of all participants and causes of death were determined by linkage to the National Death Index ([@R23]). The primary endpoint for this analysis was death from all causes. All deaths occurring between six months after the baseline assessment and December 31, 2009 were included in the analysis. The average length of follow-up was 8.4 y (SD 4.3 y; maximum 16.0 y).

Statistical Analysis {#S7}
--------------------

Cox proportional hazards regression was used to assess the association between the anthropometric measures and all-cause mortality rates, adjusting for a variety of covariates as described below. We present the results of four models: Model - includes all participants, adjusted for age, sex and exam year; Model 2 includes all participants, adjusted for age, sex, year of baseline examination, study code, smoking status (never, former, current, unknown), alcohol consumption (no, yes, unknown) and leisure-time physical activity (\<4 h/wk, ≥ 4 h/wk, unknown); Model 3 is limited to participants without a history of stroke, heart disease or cancer at baseline, adjusted for age and sex; and Model 4 is also limited to participants without a history of stroke, heart disease or cancer at baseline, and includes the same covariates as Model 2. Analyses were performed on the combined sample of white and African American participants (with race as a covariate), and then stratified by race. Hazard ratios (HR) are expressed per standard deviation of each independent variable. Hazard ratios were also calculated across BMI (normal weight, overweight, obese class I, obese class II) and waist circumference (low, high) categories. Underweight participants were excluded from this categorical analysis given the small sample size (n = 92) and the small number of deaths (n = 2) in this group.

The full sample size (n = 14,343) was available for analyses of BMI; however, the analytic sample size for other variables varied due to missing data. Further, the full sample size was reduced from 14,343 to 13,930 for models 3 and 4, which were limited to participants who were free of stroke, heart disease and cancer at baseline. The proportional hazards assumption of the Cox regression models were assessed by a statistical test of proportionality with time-dependent variables. These tests revealed no violation of the proportional hazards assumption.

Results {#S8}
=======

The mean age of the sample at baseline was 41.5 (SD 14.5) years. Age was significantly greater in decedents compared to survivors, and all adiposity indicators were significantly higher at baseline in decedents compared to survivors in the total sample, and in white adults ([Table 1](#T1){ref-type="table"}). Only waist circumference and WHR were significantly higher in African American decedents compared to survivors. Pearson correlations among the adiposity variables are presented in [Table 2](#T2){ref-type="table"}. In both white and African Americans, all variables are moderately to highly correlated with each other; however, the correlations between WHR and the other variables are somewhat lower.

A total of 438 deaths (131 due to cardiovascular disease, 141 due to cancer, 166 other) occurred over 120,637 person-years of follow-up. The causes of death were similar in white (27.3% due to cardiovascular disease, 34.0% due to cancer, 38.7% other) and African Americans (35.5% due to cardiovascular disease, 28.4% due to cancer, 36.2% other). Each anthropometric index showed a significant association with all-cause mortality rates in the combined sample of white and African Americans; however, there were significant interactions between race and the anthropometric variable in every case except for waist circumference (p = 0.19). After stratification by race, the relationships were universally significant in whites but not in African Americans, with the exception of waist circumference in Model 3 ([Table 3](#T3){ref-type="table"}).

[Figure 1](#F1){ref-type="fig"} presents hazard ratios across normal weight, overweight and obese I and Obese II categories as well as high and low waist circumference. Among whites, the HRs for mortality were 0.89 \[95% CI: 0.61 -- 1.32\], 1.27 \[0.87 -- 1.87\] and 1.71 \[1.17 -- 2.51\] for overweight, obese class I and obese class II, respectively, compared to normal weight (p for trend \<0.0001). Among African Americans, the HRs for mortality were 1.04 \[0.60 -- 1.80\], 0.97 \[0.56 -- 1.70\] and 0.93 \[0.51 - 1.68\] for overweight, obese class I and obese class II, respectively, compared to normal weight (p for trend = 0.70). The elevated relative risk of mortality associated with waist circumference was almost identical in whites (1.49; 1.15 -- 1.94) and African Americans (1.60; 1.06 -- 2.40).

Discussion {#S9}
==========

The results of this study indicate that common anthropometric indicators of obesity are more strongly related to all-cause mortality in white Americans than in African Americans. The strength of the associations across the different anthropometric variables in white adults was similar, and the addition of covariates to the models did not markedly attenuate the hazard ratios. Obese white adults had a significantly higher risk of mortality compared to normal weight, but the risk of mortality across BMI-defined categories was not significant in African Americans. African Americans with an elevated waist circumference had a higher risk of mortality compared to those with a low waist circumference.

Several cohort studies have reported significant associations between BMI and mortality among white adults ([@R7], [@R9], [@R24]). For example, Berrington de Gonzalez and showed a J-shaped relationship between BMI and all-cause mortality, with risks increasing with higher BMI beyond the normal weight range, especially among nonsmokers without a history of disease ([@R24]). The results of the present study indicate that the association between BMI and mortality is essentially non-existent in the African American sample, a finding which has been reported in previous studies. For example, follow-up of over a million participants in the Cancer Prevention Study II revealed no increase in mortality associated with BMI in African American women, and a somewhat lower (and non-significant) association with excess weight in African American men, compared with white men ([@R9]). Further, there was no association between BMI and mortality in African American men and women In the National Health and Nutrition Examination Survey III Mortality Follow-up Study ([@R10]). Recent data from the REGARDS study demonstrated a U-shaped association between BMI and mortality in White participants, but no increased risk of mortality associated with BMI in African American participants ([@R11]).

Several additional studies have reported weak or non-existent relationships between BMI and mortality in African Americans. Data for African Americans from Kaiser Permanente revealed a J-shaped relationship between BMI and mortality in men but essentially a flat relationship in women ([@R4]). Stevens and colleagues reported that BMI was related to all-cause mortality in African American men and white men, but not in white men or African American women from the Charleston Heart Study ([@R5], [@R12]). Recent data from the Black Women's Health Study demonstrated a significant, curvilinear relationship between BMI and mortality in African American women ([@R8]); however, an earlier study had shown that the association was modified by education: there was a significant association in women with at least a high school education, but not in women without a high school education ([@R13]). Taken together, the results of the current study and those of previous studies suggest that the relationship between BMI and mortality is not very robust in African Americans. Further studies are needed using large representative population samples, which are able to explore confounding and effect modification across a wide range of covariates which may help explain the lack of association between BMI and mortality in African Americans.

Waist circumference, WHR, and WHtR were all significantly related to all-cause mortality in a 16-year follow-up of women in the Nurses' Health Study ([@R18]). Similarly, waist circumference and WHR were both positively associated with mortality in the Health Professionals Follow-up Study ([@R19]). Waist circumference was also significantly related to all-cause mortality in men and women from the Cancer Prevention Study II Nutrition Cohort ([@R16]). Data from the Iowa Women's Health Study also showed positive associations between waist circumference and all-cause mortality ([@R20]). Further, waist circumference demonstrated a significant, linear association with all-cause mortality in the Black Women's Health Study, but race differences could not be explored since the sample was 100% African American ([@R8]). Although none of these studies examined racial differences, the evidence suggests that waist circumference is generally related to mortality among US adults.

Analyses of data from the Charleston Heart Study demonstrated that waist circumference (age-adjusted) was related to all-cause mortality in white women, but not in white men or African Americans ([@R5], [@R12]). Waist circumference was related to all-cause mortality in white but not African Americans in the NIH-AARP study ([@R17]). The multivariable-adjusted hazard ratios for all-cause mortality for high versus low waist circumference (88 cm for women, 102 cm in men) were 1.18 (1.15 - 1.22) and 1.20 (1.14 - 1.26) in white men and women, and 1.10 (0.88 -- 1.38) and 1.07 (0.83 -- 1.38) in African American men and women, respectively ([@R17]). In a 12-year follow-up of participants in NHANES III, waist circumference was not related to mortality in white or African Americans, but there was a significant dose-response relationship between WHR and all-cause mortality in white and African American women (but not in men) ([@R10]). Results from the REGARDS study demonstrated a significant association between waist circumference and mortality in whites and in African American women (although not as strong), but not in African American men ([@R11]). Although there was no linear association between waist circumference or its indices in African Americans in the present study, the magnitude of the association between waist circumference category and mortality was essentially the same as that found in white adults ([Figure 1](#F1){ref-type="fig"}).

The BAI has recently been proposed as an alternative to BMI as an index of obesity ([@R21]). The results of this study indicate that BAI has a similar relationship with mortality as BMI and other anthropometric indices ([Table 3](#T3){ref-type="table"}). This is not surprising, given that BAI and BMI have similar associations with body fat and CVD risk factors ([@R14], [@R25]).

It is unclear what the mechanisms are that could explain the race differences in the relative risks of mortality reported in this study. Despite the lack of association between most anthropometric markers and mortality among African Americans, the absolute death rates (adjusted for age, sex and exam year) were markedly higher in African Americans (54.0/10,000 person years) compared to whites (35.8/10,000 person-years). Visceral adipose tissue has been identified as a potentially dangerous fat depot ([@R26], [@R27]). Previous work in this cohort has demonstrated that VAT is significantly higher in whites than in African Americans, even after controlling for total adiposity ([@R28]). This represents a paradox that is difficult to explain. It has also been shown that for a given level of WC or BMI, white men and women have higher levels of VAT than African American men and women; however, these race differences increase at higher levels of waist circumference and BMI ([@R29]). To date, the degree to which race differences in social and behavioral characteristics can explain the observed differences in obesity-related mortality risk is not well understood. More research is necessary to clarify the underlying mechanisms behind the observed absolute and relative race differences in mortality risk at different levels of obesity.

The strengths and limitations of this study warrant discussion. Marked strengths of this study include the direct assessment of anthropometric measurements using a standard clinical protocol, and the linkage to the National Death Index for the ascertainment of vital status. Although cause of death was known, the sample sizes were not sufficient to allow for cause-specific analyses. Further, the sample size was not sufficient to allow for sex-specific or age-specific analyses within the two racial groups. Major causes of death change with age, and it is likely that the effects of obesity on mortality vary across different age groups. Although we adjusted for known confounding variables in the association with mortality such as age, sex, smoking, alcohol consumption and physical activity, we cannot rule out the possibility that confounding factors that were not measured at baseline may have introduced bias into the results. Although we did not stratify by smoking status in the main analysis, in a sensitivity analysis that excluded current smokers, the results and significance levels did not change appreciably. The sample included white and African men and women who were volunteers for research studies, and therefore may not be representative of the general population.

In conclusion, this study has demonstrated race differences in the association between common anthropometric markers of obesity and all-cause mortality. The associations were more significant in white adults than in African American adults.
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![Hazard ratios for all-cause mortality in A) normal weight, overweight, obese class I and obese class II, and B) low and high waist circumference (WC) groups in the Pennington Center Longitudinal Study. Error bars represent 95% confidence intervals. High waist circumference defined as \> 88 cm in women and \> 102 cm in men. Both models included age, sex, exam year, study code, smoking, alcohol intake and physical activity as covariates.](nihms-417610-f0001){#F1}

###### 

Baseline characteristics of participants in the Pennington Center Longitudinal Study by mortality status at follow-up.

                                     Total Sample   White American                                 African American                                                                
  ---------------------------------- -------------- ---------------------------------------------- ------------------ ---------------------------------------------- ------------- ----------------------------------------------
  N                                  13905          438                                            9285               297                                            4620          141
  \% Female                          63.4           47.7                                           57.9               44.8                                           74.6          53.9
  Age (y)                            41.1 (14.3)    54.9 (14.8)[\*](#TFN1){ref-type="table-fn"}    41.8 (15.0)        56.4 (15.5)[\*](#TFN1){ref-type="table-fn"}    39.8 (12.8)   51.8 (12.4)[\*](#TFN1){ref-type="table-fn"}
  Age Group (%)                                                                                                                                                                    
    18-29 y                          26.9           6.9                                            27.5               8.4                                            25.6          3.6
    30-49 y                          42.7           26.3                                           38.5               19.9                                           51.1          39.7
    50-69 y                          28.6           50.0                                           31.6               51.2                                           22.5          47.5
    70-89 y                          1.9            16.9                                           2.4                20.5                                           0.9           9.2
  BMI (kg/m^2^)                      30.5 (7.2)     32.3 (8.0)[\*](#TFN1){ref-type="table-fn"}     29.8 (7.0)         32.6 (8.4)[\*](#TFN1){ref-type="table-fn"}     32.0 (7.5)    31.7 (7.1)
  BMI Category (%)                                                                                                                                                                 
    Underweight                      0.7            0.5                                            0.7                0.7                                            0.6           0
    Normal Weight                    22.7           13.7                                           26.0               13.8                                           16.3          13.5
    Overweight                       28.9           27.2                                           30.3               25.6                                           26.2          30.5
    Obese Class I                    24.0           29.7                                           22.6               29.0                                           26.9          31.2
    Obese Class II                   23.7           29.0                                           20.5               31.0                                           30.1          24.8
  BAI (%)                            31.3 (7.6)     32.5 (8.7)[\*](#TFN1){ref-type="table-fn"}     30.5 (7.4)         33.0 (8.9)[\*](#TFN1){ref-type="table-fn"}     32.9 (7.8)    31.4 (8.1)
  Waist Circumference (cm)           93.2 (16.9)    102.6 (18.8)[\*](#TFN1){ref-type="table-fn"}   92.6 (17.1)        103.9 (20.0)[\*](#TFN1){ref-type="table-fn"}   94.3 (16.4)   100.0 (15.7)[\*](#TFN1){ref-type="table-fn"}
  Waist Circumference Category (%)                                                                                                                                                 
    Low                              53.8           35.8                                           57.3               35.6                                           46.7          36.3
    High                             46.2           64.2                                           35.6               64.4                                           53.2          63.7
  WHtR (cm/cm)                       0.55 (0.10)    0.60 (0.11)[\*](#TFN1){ref-type="table-fn"}    0.55 (0.10)        0.61 (0.12)[\*](#TFN1){ref-type="table-fn"}    0.56 (0.10)   0.59 (0.10)
  WHR (cm/cm)                        0.85 (0.10)    0.92 (0.11)[\*](#TFN1){ref-type="table-fn"}    0.86 (0.10)        0.93 (0.12)[\*](#TFN1){ref-type="table-fn"}    0.85 (0.11)   0.91 (0.09)[\*](#TFN1){ref-type="table-fn"}
  Smoking Status (%)                                                                                                                                                               
    Never                            66.8           44.5                                           64.2               42.1                                           72.2          49.7
    Former                           17.1           29.5                                           19.4               33.3                                           12.5          21.3
    Current                          7.6            13.7                                           7.3                11.5                                           8.3           18.4
    Unknown                          8.5            12.3                                           9.2                13.1                                           7.1           10.6

BMI: body mass index; BAI: body adiposity index; WHtR: waist circumference to height ratio; WHR: waist to hip circumference ratio.

p\<0.05 between decedents and survivors. Results for continuous variables are presented as mean (SD). High waist circumference defined as \>88 cm in women and \>102 cm in men. Underweight, normal weight, overweight and obese class I and obese class II defined as BMI \<18.5 kg/m2, 18.5 - 24.9 kg/m2, 25 - 29.9 kg/m2, 30 - 34.9 kg/m2 and \> 35 kg/m2, respectively.

###### 

Correlations among adiposity variables at baseline among participants in the Pennington Center Longitudinal Study.

  -------------------------------------------------------------------
                        BMI    Waist\          BAI     WHtR   WHR
                               Circumference                  
  --------------------- ------ --------------- ------- ------ -------
  BMI                          0.86            0.79    0.91   0.41

  Waist Circumference   0.86                   0.52    0.95   0.75

  BAI                   0.83   0.60                    0.71   −0.05

  WHtR                  0.92   0.95            0.76           0.65

  WHR                   0.27   0.55            −0.10   0.48   
  -------------------------------------------------------------------

Correlations above the diagonal are among whites, and correlations below the diagonal are among African Americans.

BMI: body mass index; BAI: body adiposity index; WHtR: waist circumference to height ratio; WHR: waist to hip circumference ratio.

All correlations are significant at p\<0.05.

###### 

Hazard ratios (95% confidence intervals) for all-cause mortality associated with anthropometric measurements and indices in white and African American participants in the Pennington Center Longitudinal Study.

                      BMI                  Waist Circumference   BAI                  WHtR                 WHR
  ------------------- -------------------- --------------------- -------------------- -------------------- --------------------
  White Americans                                                                                          
   N                  9582                 7745                  6847                 7745                 6844
   Person-years       82,875               73,756                70,359               73,756               70,337
   Deaths             297                  264                   260                  264                  259
   Model 1            1.36 (1.22 - 1.52)   1.44 (1.27 - 1.63)    1.36 (1.19 - 1.55)   1.48 (1.31 - 1.67)   1.43 (1.26 - 1.64)
   Model 2            1.34 (1.19 - 1.50)   1.41 (1.25 - 1.60)    1.34 (1.17 - 1.53)   1.46 (1.28 - 1.65)   1.40 (1.23 - 1.61)
   Model 3            1.31 (1.16 - 1.47)   1.40 (1.24 - 1.59)    1.34 (1.17 - 1.54)   1.46 (1.29 - 1.66)   1.44 (1.25 - 1.64)
   Model 4            1.30 (1.15 - 1.47)   1.38 (1.21 - 1.58)    1.33 (1.15 - 1.52)   1.44 (1.27 - 1.64)   1.41 (1.23 - 1.62)
  African Americans                                                                                        
   N                  4761                 3861                  3256                 3861                 3256
   Person-years       37,762               33,565                31,486               33,565               31,486
   Deaths             141                  124                   119                  124                  119
   Model 1            1.01 (0.84 - 1.22)   1.19 (0.98 - 1.45)    0.93 (0.74 - 1.16)   1.13 (0.93 - 1.38)   1.07 (0.99 - 1.15)
   Model 2            1.01 (0.83 - 1.22)   1.18 (0.97 - 1.45)    0.93 (0.74 - 1.16)   1.12 (0.92 - 1.37)   1.06 (0.98 - 1.16)
   Model 3            1.03 (0.85 - 1.26)   1.23 (1.01 - 1.50)    0.96 (0.76 - 1.22)   1.16 (0.95 - 1.42)   1.06 (0.98 - 1.15)
   Model 4            1.03 (0.85 - 1.26)   1.23 (1.00 - 1.51)    0.97 (0.77 - 1.23)   1.16 (0.94 - 1.43)   1.06 (0.98 - 1.16)

Model 1: total sample, including age, sex, and exam year as covariates.

Model 2: total sample, including age, sex, exam year, study code, smoking, alcohol consumption and exercise as covariates.

Model 3: participants without heart disease, stroke or cancer at baseline; including age, sex, and exam year as covariates.

Model 4: participants without heart disease, stroke or cancer at baseline; including age, sex, exam year, study code, smoking, alcohol consumption and exercise as covariates.

BMI: body mass index; BAI: body adiposity index; WHtR: waist circumference to height ratio; WHR: waist to hip circumference ratio. Hazard ratios are expressed per standard deviation of each independent variable.
